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(57) ABSTRACT

An air conditioner includes a main refrigerant circuit where
refrigerant flows 1n order of a compressor, outdoor heat
exchanger, expansion valve, and indoor heat exchanger. An
injection circuit 1s configured such that the refrigerant
diverges between the outdoor heat exchanger and indoor
heat exchanger 1n the main refrigerant circuit and returns to
the compressor having a pressure between a suction pressure
of compressor and a discharge pressure of compressor. The
injection circuit includes an njection decompression valve
reducing a pressure of the refrigerant, a control umt cooling
portion cooling a control unit to control the compressor
using the refrigerant, and a sub-cooler evaporation portion
provided at a downstream side of the mnjection decompres-
sion valve such that heat exchange of the refrigerant 1s
performed 1n the sub-cooler evaporation portion, and the
control unit cooling portion 1s provided between the injec-
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1
AIR CONDITIONER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Patent
Application No. 2012-254434, filed on Nov. 20, 2012 1n the
Japanese Patent Oflice, and Korean Patent Application No.
10-2013-0131309, filed on Oct. 31, 2013 in Korean Intel-
lectual Property Oflice, the disclosures of which are incor-
porated herein by reference.

BACKGROUND

1. Field

Embodiments of the present disclosure relate to an air
conditioner having a control unit cooling portion which
cools a control unmit to control a compressor using a refrig-
erant.

2. Description of the Related Art

In a conventional refrigeration device, a control unit
cooling portion which cools a control unit to control a
compressor using a refrigerant 1s stalled to a main refrig-
erant circuit configuring a series of relfrigeration cycles.
Therefore, there 1s a problem in that, at low diflerential
pressure when the refrigeration cycles are activated, a flow
rate of a refrigerant to cool the control unit 1s not secured in
the control unit cooling portion and thus the control unit 1s
excessively heated.

In addition, 1n a conventional structure of providing the
control unit cooling portion in the main refrigerant circuit,
there 1s a problem 1n that the control unit 1s msufliciently
cooled when a flow rate of the refrigerant within the main
refrigerant circuit needs to be reduced due to o1l foaming or
the like 1n which lubricant i1s brought to an indoor unit in
quantity. Thus, 1t 1s undesirable to install the control unit
cooling portion to the main refrigerant circuit configuring a
series of refrigeration cycles so as to cool the control unit.

Meanwhile, as the related art intended to improve efli-
ciency ol the refrnigeration cycles, aside from the main
refrigerant circuit, a refrigeration device 1s already known in
which an imjection circuit diverging from the main refrig-
erant circuit 1s formed. For example, see Japanese Patent
Publication No. 2010-2112. In the refrigeration device dis-
closed 1n Japanese Patent Publication No. 2010-2112, an
inverter cooling portion as the control unit cooling portion 1s
provided within the ijection circuit. Accordingly, a portion
of a refrigerant diverging from the main refrigerant circuit 1s
introduced through an expansion valve into the inverter
cooling portion, and an mverter device, which 1s a type of
the control unit, 1s cooled by the mtroduced refrigerant (see
FIG. 1 1n Japanese Patent Publication No. 2010-2112).

However, 1n the technique disclosed 1n Japanese Patent
Publication No. 2010-2112, since the inverter device, which
1s a type of control unit, 1s msufliciently cooled, desired
cooling efliciency may not be obtained. This 1s because the
reirigerant introduced into the mverter cooling portion may
not be maintained to a state suitable for cooling 1n the
configuration of the refrigeration device 1n Japanese Patent

Publication No. 2010-2112.

SUMMARY

Theretfore, the present disclosure has been made in view
of the above-mentioned problems and an aspect thereof 1s to
provide an air conditioner capable of sufliciently cooling a
control unit, compared with the related art.
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Additional aspects of the disclosure will be set forth 1n
part 1in the description which follows and, in part, will be
apparent {rom the description, or may be learned by practice
of the disclosure.

In accordance with one aspect of the present disclosure,
an air conditioner includes a main refrigerant circuit con-
figured such that a refrigerant flows 1n order of a compressor,
an outdoor heat exchanger, an expansion valve, and an
indoor heat exchanger, and an injection circuit configured
such that the refrigerant diverges between the outdoor heat
exchanger and indoor heat exchanger 1n the main refrigerant
circuit and returns to the compressor 1n a state of having a
pressure between a suction pressure and a discharge pres-
sure, wherein the injection circuit includes an injection
decompression valve reducing a pressure of the refrigerant,
a control unit cooling portion cooling a control unit to
control the compressor using the refrigerant, and a sub-
cooler evaporation portion provided at a downstream side of
the 1njection decompression valve such that heat exchange
of the refrigerant 1s performed 1n the sub-cooler evaporation
portion, and the control unit cooling portion 1s provided
between the injection decompression valve and the sub-
cooler evaporation portion 1n the 1njection circuit.

In accordance with such a configuration, since the control
unit cooling portion 1s provided between the injection
decompression valve and the sub-cooler evaporation portion
in the injection circuit, the refrigerant supplied through the
injection decompression valve to the control unit cooling
portion may be 1n a liquid-rich state in which the refrigerant
1s not nearly vaporized. Accordingly, the control unit may be
clliciently cooled by liquid cooling.

In other words, compared with a case of cooling the
control unit using the refrigerant 1n a vaporized state as
disclosed 1n Japanese Patent Publication No. 2010-2112,
heat conduction efliciency from the control unit to the
refrigerant may be improved according to the present dis-
closure. As a result, 1t may be possible to deprive the control
unit of a maximum quantity of heat per unit time, and thus
to efliciently cool the control unit.

In addition, 1n order to improve compression efliciency of
the compressor, the refrigerant 1s preferably mtroduced nto
the compressor 1n a vaporized state to the utmost. In the
present disclosure, as described above, by cooling the con-
trol unit using the refrigerant 1n a liquid-rich state, it may be
possible to deprive the control unit of much heat. Conse-
quently, the refrigerant may be farther vaporized than that of
the related art by heat exchange 1n the sub-cooler evapora-
tion portion. Accordingly, the refrigerant may be introduced
into the compressor 1 a farther vaporized state than the
related art. Thus, 1t may be possible to ethiciently cool the
control unit and to improve compression efliciency of the
COMPressor.

Furthermore, the cooling efliciency of the control unit
may be increased, and thus required cooling efliciency may
be obtained even when the control unit cooling portion 1s
minimized and a heat radiation area 1s small, compared with
the related art, thereby enabling the volume of the outdoor
unit to be minimized.

In order to freely adjust the refrigerant temperature in the
control unit cooling portion by suitably adjusting design
parameters such as a diameter of a throttle pipe, the injection
circuit may further include a throttle pipe provided between
the control unit cooling portion and the sub-cooler evapo-
ration portion.

In order to prevent the temperature of the control unit
from falling below a dew-point temperature and to securely
prevent breakdown of the control unit caused by generation
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of dew condensation on the control unit, the air conditioner
may include an outdoor air temperature sensor capable of
detecting an outdoor air temperature, a control unit tempera-
ture detection portion capable of detecting a temperature of
the control unit, a dew-point temperature calculation portion
calculating a dew-point temperature at which dew conden-
sation 1s generated on the control unit, based on the outdoor
air temperature, and an opening degree adjustment portion
adjusting an opeming degree of the injection decompression
valve such that the temperature of the control unit 1s equal
to or more than the dew-point temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the disclosure will become
apparent and more readily appreciated from the following
description of the embodiments, taken in conjunction with
the accompanying drawings ol which:

FI1G. 1 1s a diagram 1llustrating a configuration example of
an air conditioner according to a first embodiment of the
present disclosure;

FIG. 2 1s a diagram 1llustrating a refrigerant cycle in the
air conditioner according to the first embodiment of the
present disclosure;

FIG. 3 1s a diagram 1illustrating a relationship between an
IPM temperature (° C.) and a condensation temperature (°
C.);

FI1G. 4 1s a diagram 1llustrating a configuration example of
an air conditioner according to a second embodiment of the
present disclosure;

FIG. 5§ 1s a diagram 1illustrating a refrigerant cycle in the
air conditioner according to the second embodiment of the
present disclosure;

FIG. 6 a block diagram illustrating a configuration of a
control portion according to a third embodiment of the
present disclosure; and

FIG. 7 1s a flowchart illustrating an example of a dew
condensation prevention control operation according to the
third embodiment of the present disclosure.

DETAILED DESCRIPTION

Retference will now be made 1n detail to the embodiments,
examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to the like
clements throughout. The embodiments are described below
to explain the present disclosure by referring to the figures.

First Embodiment

Hereinafter, an air conditioner 1 according to a first
embodiment of the present disclosure will be described with
reference to FIGS. 1 to 3.

|Configuration of Air Conditioner 1]

FIG. 1 1illustrates a configuration example of an air
conditioner 1 according to a first embodiment of the present
disclosure. The air conditioner 1 1s an air conditioner 1
including an inverter circuit cooling portion (a control unit
cooling portion) 16 capable of cooling an mverter circuit C
(a control unit) to mverter-control a compressor 5 using a
reirigerant, and includes an indoor unit 2 and an outdoor unit
3 as shown 1n FIG. 1.

The indoor unit 2 includes an indoor heat exchanger 4, a
room temperature sensor (not shown) capable of detecting a
room temperature 1 a room, a remote (not shown), and the

like.
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The outdoor unit 3 includes a compressor 5, a four-way
valve 6, an outdoor fan 7, an outdoor heat exchanger 8, an
expansion valve 9, an outdoor air temperature sensor 10
capable of detecting an outdoor air temperature, an accu-
mulator 11, and a control portion 12. The accumulator 11
serves to separate an introduced refrigerant into gas and
liquid, and 1s disposed between the compressor 5 and the
four-way valve 6. The control portion 12 may control a
refrigerant discharge amount of the compressor 5, an open-
ing degree of the expansion valve 9, and the like, based on
information detected by each temperature sensor.

The air conditioner 1 includes a main refrigerant circuit
13 and an 1njection circuit 14. The main refrigerant circuit 13
1s a circuit configured such that a refrigerant flows 1n order
of the compressor 5, the outdoor heat exchanger 8, the
expansion valve 9, and the indoor heat exchanger 4. The
ijection circuit 14 1s a circuit configured such that a
refrigerant diverges between the outdoor heat exchanger 8
and idoor heat exchanger 4 in the main refrigerant circuit
13 and returns to the compressor 5 in a state of having a
pressure between a suction pressure and a discharge pres-
sure.

The mjection circuit 14 includes an injection pipe 18
(indicated by a thick line 1mn FIG. 1) configured such that a
refrigerant diverges between the outdoor heat exchanger 8
and mdoor heat exchanger 4 and returns to the compressor
5. The 1njection circuit 14 1includes an 1njection decompres-
sion valve 15, an inverter circuit cooling portion 16, and a
sub-cooler evaporation portion 17 which are provided on the
injection pipe 18. In other words, the inverter circuit cooling
portion 16 1s provided between the ijection decompression
valve 15 and the sub-cooler evaporation portion 17. Accord-
ingly, a refrigerant 1n a substantial liqud state 1s introduced
into the mverter circuit cooling portion 16 from an upstream
side of the sub-cooler evaporation portion 17.

The mjection decompression valve 15 1s configured to
adjust an opening degree therecof, thereby enabling the
pressure of a refrigerant to be reduced. The inverter circuit
cooling portion 16 1s provided between the 1njection decom-
pression valve 15 and the sub-cooler evaporation portion 17
in the 1njection circuit 14.

The mverter circuit cooling portion 16 includes a contact
portion 16a coming into contact with the inverter circuit C
and a cooling pipe 160 meandering inside the contact
portion 16a. Accordingly, the inverter circuit cooling portion
16 may cool the inverter circuit C using a refrigerant flowing
through the cooling pipe 165.

The sub-cooler evaporation portion 17 1s provided at a
farther downstream side than the injection decompression
valve 15 and the mverter circuit cooling portion 16. The
sub-cooler evaporation portion 17 1s configured such that
heat exchange 1s performed between a refrigerant flowing
through the injection pipe 18 and a reifrigerant flowing
through the main refrigerant circuit 13. In the sub-cooler
evaporation portion 17, the refrigerant flowing through the
injection pipe 18 evaporates by absorbing heat from the
refrigerant flowing through the main refrigerant circuit 13.
The reirnigerant vaporized by evaporation returns to the
compressor 3 1n a state of having a pressure between a
suction pressure and a discharge pressure.

|[Regarding Flow of Refrigerant in Air Conditioner 1]

Heremaiter, an operation of the air conditioner 1 with
respect to the flow of the refrigerant in the air conditioner 1
according to the present embodiment will be described with
reference to the P-H (pressure-enthalpy) diagram shown in
FIG. 2. In addition, although the air conditioner 1 may
realize any one of a cooling operation and a heating opera-
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tion by switching of the four-way valve 6, a description will
be given herein of the flow of the refnigerant during the
cooling operation.

First, the refrigerant 1s compressed 1n the compressor 5
until reaching a discharge pressure P2 via a pressure P3 (a
pressure between a suction pressure P1 and a discharge
pressure P2) from a suction pressure P1 1n a state of being
vaporized (A—G—B in FIG. 2). Then, the refrigerant dis-
charged from the compressor 5 (the refrigerant temperature
1s 50° C. 1n thus embodiment) passes though the four-way
valve 6 and then flows through the outdoor heat exchanger
8. In this outdoor heat exchanger 8, the reifrigerant is
condensed and liquefied by radiating heat to outdoor air
(B—C 1n FIG. 2). Subsequently, the liquefied refrigerant
diverges between the outdoor heat exchanger 8 and the
indoor heat exchanger 4, and a portion of the refrigerant 1s
decompressed until reaching the suction pressure P1 from
the discharge pressure P2 before being supplied to the indoor
heat exchanger 4, thereby entering a gas-liquid equilibrium
state (C—D 1n FIG. 2). Then, a portion of the refrigerant in
the gas-liquid equilibrium state 1s supplied to the indoor heat
exchanger 4. In this indoor heat exchanger 4, a portion of the
refrigerant 1s evaporated and vaporized by absorbing heat
from indoor air. Consequently, the indoor air 1s cooled.
Then, a portion of the vaporized refrigerant 1s introduced to
a suction side of the compressor 5 at the suction pressure P1
and 1s recompressed (D—A 1n FIG. 2).

Meanwhile, the refrigerant diverging from the down-
stream side of the outdoor heat exchanger 8 1s decompressed
in the mjection decompression valve 15 until reaching the
pressure P3 from the discharge pressure P2, thereby entering
a gas-liquid equilibrium state rich in liquid (C—FE 1n FIG. 2).
The decompressed refrigerant rich 1 liquid (the refrigerant
temperature 1s 20° C. 1n this embodiment) 1s supplied to the
inverter circuit cooling portion 16. That 1s, 1n the mnverter
circuit cooling portion 16, the iverter circuit C 1s cooled
using the refrigerant in a liquid-rich state. After cooling the
inverter circuit C, the refrigerant 1s supplied to the sub-
cooler evaporation portion 17 (part of E—=F 1n FIG. 2). In
this sub-cooler evaporation portion 17, the remaining refrig-
erant 1s evaporated by heat exchange. Then, the refrigerant,
which has an intermediate pressure, vaporized by evapora-
tion 1s reintroduced 1nto the compressor 3 at the pressure P3
(F—=G m FIG. 2).

Next, the present disclosure according to the embodiment
will be described 1n detail with reterence to FIG. 3. Herein,
a description will be given of a result of consideration of
utility of the air conditioner 1 according to the present
embodiment, based on a relationship between an IPM (1n-
verter power module) temperature (° C.) and a condensation
temperature (° C.) in the condenser. In addition, the present
disclosure 1s not limited to this embodiment. In more detail,
the inventors have considered utility of the air conditioner 1
according to the present embodiment by comparing a cool-
ing method of an IPM which cools the IPM (corresponding
to the mverter circuit 1n the present embodiment) by pro-
viding the inverter circuit cooling portion 16 with respect to
the 1njection circuit 14 according to the present embodiment,
with a cooling method of an IPM using the conventional
manner of providing the mnverter cooling portion in the main
refrigerant circuit.

FIG. 3 illustrates a relationship between the IPM tem-
perature (° C.) and the condensation temperature (° C.) in the
condenser. As shown 1n FIG. 3, in a manner of providing
the inverter cooling portion 1 the conventional main
refrigerant circuit, since the IPM temperature (° C.) 1s
changed 1n proportion to a load condition (condensation
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temperature (° C.)), the IPM temperature may not be held at
a uniform temperature (about 80° C. 1n the present embodi-
ment). Therefore, in the conventional manner of providing
the inverter cooling portion 1n the main refrigerant circuit, as
the condensation temperature (° C.) drops, the IPM tem-
perature (° C.) 1s lowered, and thus the IPM may be cooled
to a temperature lower than the outdoor air temperature. In
this case, as a result of the IPM being cooled to a tempera-
ture lower than the outdoor air temperature, dew condensa-
tion occurs on the IPM, thereby resulting 1n breakdown of
the IPM.

Conventionally, 1n a condition of an outdoor air required
for high cooing 1n which a load (condensation temperature)
1s increased, since the IPM temperature also rises depending
upon an operation state, the IPM 1s severely cooled. There-
fore, there 1s a need for a design according to characteristics
of high pressure rise of the air conditioner. However, 11 the
design 1s performed under a strict condition, dew conden-
sation may occur on the IPM 1n a condition of a low load 1n
which the condensation temperature 1s lowered.

In contrast, in the cooling method of the IPM using
the injection circuit 14 according to the present embodiment,
even when the load condition (condensation temperature
(° C.)) 1s changed, the IPM temperature may be held at a
stable temperature (about 80° C. 1n the present embodi-
ment). Accordingly, 1n accordance with the present embodi-
ment, 1t may be possible to prevent breakdown of the IPM
caused by occurrence of dew condensation on the IPM due
to the IPM temperature cooled to a temperature lower than
the outdoor air temperature 1n the conventional manner of
providing the imnverter cooling portion 1n the main refrigerant
circuit. In addition, a design 1s simple 1n the present embodi-
ment, compared with the conventional manner of providing
the mverter cooling portion in the main refrigerant circuit.
Furthermore, by changing a cooling area in the inverter
circuit cooling portion 16, the IPM temperature may be
simply managed and at the same time may be simply
designed within a dew condensation prevention temperature.

|Characteristics of Air Conditioner 1n First Embodiment]

In accordance with the above-mentioned configuration,
since the inverter circuit cooling portion 16 i1s provided
between the inmjection decompression valve 15 and the
sub-cooler evaporatlon portion 17 in the injection circuit 14,
the refrigerant 1n a liquid-rich state may be supplied through
the 1njection decompression valve 15 to the mverter circuit
cooling portion 16. Accordingly, in the inverter circuit
cooling portion 16, the mverter circuit C may be cooled
using the reirigerant in a liquid-rich state, which 1s not
nearly vaporized. Thus, 1t may be possible to deprive the
inverter circuit C of a maximum quantity of heat, and thus
to 1mprove cooling efliciency of the inverter circuit, com-
pared with a case of cooling the inverter circuit C using the
refrigerant in a vaporized state.

Accordingly, imn accordance with the above-mentioned
configuration, by cooling the inverter circuit C using the
refrigerant 1n a liquid-rich state, 1t may be possible to
deprive the inverter circuit C of substantial heat. Conse-
quently, the refrigerant may be further vaporized than that of
the related art by heat exchange 1n the sub-cooler evapora-
tion portion 17 and be introduced into the compressor 5.
Thus, 1mn the above configuration, 1t may be possible to
clliciently cool the inverter circuit C and to improve com-
pression elliciency of the compressor 5.

In addition, in accordance with the above-mentioned
configuration, the cooling eih

iciency of the mverter circuit C
may be increased. Accordingly, required cooling efliciency
may be obtained even when the inverter circuit cooling
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portion 16 1s minimized and a heat radiation area i1s small,
compared with the related art, thereby enabling the volume

ol the outdoor unit 3 to be minimized.

In addition, in the conventional manner of providing the
inverter cooling portion 1n the main refrigerant circuit, when
air conditioning 1s requested, air conditioning temperature
control 1s preferentially performed. Therefore, 1t may not be
possible to execute control for the main purpose of cooling
the inverter circuit C and to be set as a refrigerant tempera-
ture suitable for cooling of the inverter circuit C. In contrast,
in accordance with the above-mentioned configuration,
since the mverter circuit cooling portion 16 i1s provided 1n
the 1njection circuit 14, it may be possible to be set as a
refrigerant temperature suitable for cooling of the inverter
circuit C by refrigerant control in the injection circuit 14
without interruption of refrigerant control related to the air
conditioning control which 1s the main purpose of the air
conditioner 1.

In addition, in the conventional manner of providing the
inverter cooling portion 1n the main refrigerant circuit, when
the temperature of the inverter circuit C 1s equal to or less
than a dew-point temperature, there 1s only a measure which
substantially affects the basic performance of the product
such as lowering frequency of the compressor, in order to
prevent dew condensation generated on the inverter circuit
C by 1ncreasing the temperature of the mverter circuit C. In
contrast, 1n accordance with the above-mentioned configu-
ration, since the inverter circuit cooling portion 16 1s pro-
vided 1n the injection circuit 14, tlow rate control of the
reirigerant may be performed by the imjection circuit 14
alone, independently of the main refrigerant circuit 13.
Consequently, 1t may be possible to suppress deterioration of
the basic performance of the product. For example, 1t may be
possible to prevent the temperature of the inverter circuit C
from being equal to or less than a dew-point temperature by
realizing the flow rate control of the refrigerant using an
opening and closing operation of the injection decompres-
sion valve 15.

Second Embodiment

Hereinaiter, an air conditioner 1 according to a second
embodiment of the present disclosure will be described with
reference to FIGS. 4 and 5. In addition, components similar
to those described 1n the first embodiment are designated by
similar reference numerals, and no detailed description with
respect to the similar components will be given. The second
embodiment differs from the first embodiment in that the
injection circuit 14 includes a throttle pipe 19.

|Configuration of Injection Circuit 14]

As shown 1n FIG. 4, the injection circuit 14 includes the
injection pipe 18 (indicated by a thick line i FIG. 4)
configured such that the refrigerant diverges between the
outdoor heat exchanger 8 and indoor heat exchanger 4 and
returns to the compressor 5. The injection circuit 14 includes
the injection decompression valve 15, the inverter circuit
cooling portion 16, the sub-cooler evaporation portion 17,
and the throttle pipe 19 which are provided on the 1njection
pipe 18. The throttle pipe 19 1s provided between the inverter
circuit cooling portion 16 and the sub-cooler evaporation
portion 17.

[Regarding Flow of Refrigerant in Air Conditioner 1]

Hereinafter, an operation of the air conditioner 1 with
respect to the flow of the refrigerant in the air conditioner 1
according to the present embodiment will be described with
retference to the P-H (pressure-enthalpy) diagram shown in
FIG. 5. In addition, although the air conditioner 1 may
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realize any one of a cooling operation and a heating opera-
tion by switching of the four-way valve 6, a description will

be given herein of the flow of the refrigerant during the
cooling operation. Herein, an opening degree of the expan-
sion valve 9 1s a fully opened state.

The reinigerant diverging between the outdoor heat
exchanger 8 and the indoor heat exchanger 4 1s decom-
pressed 1n the injection decompression valve 15 until reach-
ing a pressure P4 from the discharge pressure P2, thereby
entering a gas-liquid equilibrium state rich in liquid (C—E
in FIG. §). Then, the decompressed refrigerant rich in liquid
1s supplied to the mverter circuit cooling portion 16. In this
inverter circuit cooling portion 16, the inverter circuit C 1s
cooled using the refrigerant in a liquid-rich state (20°
C.<relrigerant temperature<50° C. 1 this embodiment)
(E—=F 1 FIG. 5). After this cooling, the reifrigerant 1s
supplied to the throttle pipe 19. In this throttle pipe 19, the
refrigerant 1s decompressed until reaching the pressure P3
from the pressure P4 (F—G 1n FIG. 5). Then, the decom-
pressed refrigerant (the refrigerant temperature 1s 20° C. in
this embodiment) 1s supplied to the sub-cooler evaporation
portion 17 (G—H in FIG. 5). In this sub-cooler evaporation
portion 17, the refrigerant 1s evaporated by heat exchange.
Then, the refnigerant vaporized by evaporation 1s reintro-
duced 1nto the compressor 5 at the pressure P3 (H—11n FIG.
5).

[Characteristics of Air Conditioner 1n Second Embodi-
ment|

In accordance with the above-mentioned configuration, it
may be possible to obtain the same eflect as the air condi-
tioner 1 according to the first embodiment.

In addition, in accordance with the above-mentioned
configuration, since the injection circuit 14 further includes
the throttle pipe 19 provided between the iverter circuit
cooling portion 16 and the sub-cooler evaporation portion
17, the refrigerant temperature 1n the inverter circuit cooling
portion 16 (20° C.<relrigerant temperature<5S0° C. in this
embodiment) may be freely adjusted by suitably adjusting
design parameters such as a diameter of the throttle pipe 19.

Third Embodiment

Hereinafter, an air conditioner 1 according to a third
embodiment of the present disclosure will be described with
reference to FIGS. 6 and 7. In addition, components similar
to those described 1n the first embodiment are designated by
similar reference numerals, and no detailed description with
respect to the similar components will be given. The third
embodiment differs from the first embodiment 1n that the
control portion 12 includes an inverter circuit temperature
detection portion (control unit temperature detection por-
tion) 20, a dew-point temperature calculation portion 21, and
an opening degree adjustment portion 22.

|Configuration of Control Portion 12]

FIG. 6 a block diagram illustrating a configuration of the
control portion 12 according to the third embodiment of the
present disclosure. As shown in FIG. 6, the control portion
12 includes the inverter circuit temperature detection portion
20, the dew-point temperature calculation portion 21, and
the opening degree adjustment portion 22. The inverter
circuit temperature detection portion 20 may detect a tem-
perature of the mverter circuit (control unit). The dew-point
temperature calculation portion 21 may calculate a dew-
point temperature at which dew condensation 1s generated
on the inverter circuit C, based on the outdoor air tempera-
ture detected by the outdoor air temperature sensor 10. The
opening degree adjustment portion 22 may adjust an open-
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ing degree of the injection decompression valve 15 such that
the temperature of the mverter circuit C 1s equal to or more
than the dew-point temperature.

[Dew Condensation Prevention Control Operation of
Inverter Circuit C 1n this Embodiment]

Hereinafter, a dew condensation prevention control

operation of the inverter circuit C 1n this embodiment will be
described with reference to FIG. 7. FIG. 7 1s a tlowchart
illustrating an example of the dew condensation prevention
control operation according to the present embodiment.
Each operation shown 1n FIG. 7 may be realized by execut-
ing programs stored mn a ROM by the control portion 12.

First, at step S1, the inverter circuit temperature detection
portion 20 detects a temperature of the mverter circuit C.
Then, the process proceeds to step S2.

Next, at step S2, the dew-point temperature calculation
portion 21 calculates a dew-point temperature at which dew
condensation 1s generated on the iverter circuit C, based on
the outdoor air temperature detected by the outdoor air
temperature sensor 10. Then, the process proceeds to step
S3.

Finally, at step S3, the opening degree adjustment portion
22 adjusts an opening degree of the injection decompression
valve 15 such that the temperature of the mverter circuit C
1s equal to or more than the dew-point temperature. Conse-
quently, the dew condensation prevention control operation
of the mverter circuit C 1n this embodiment 1s completed.

|Characteristics of Air Conditioner 1 Third Embodiment]

In accordance with the above-mentioned configuration, 1t
may be possible to obtain the same eflect as the air condi-
tioner 1 according to the first embodiment.

In addition, in accordance with the above-mentioned
configuration, since the opening degree adjustment portion
22 adjusts an openming degree of the injection decompression
valve 15 such that the temperature of the mverter circuit C
1s equal to or more than the dew-point temperature, it may
be possible to prevent the temperature of the inverter circuit
C from falling below the dew-point temperature and to
securely prevent breakdown of the inverter circuit C caused
by generation of dew condensation on the inverter circuit C.

Although the embodiments of the present disclosure have
been described with reference to the drawings, a specific
configuration 1s not limited thereto. It would be appreciated
by those skilled in the art that changes may be made 1n these
embodiments without departing from the principles and
spirit of the invention, the scope of which 1s defined 1n the
claims and their equivalents.

In addition, although each embodiment has described an
example of cooling the inverter circuit, as an example of the
control unit, to iverter-control the compressor using the
inverter circuit cooling portion of the injection circuit, the
present disclosure 1s not limited thereto. For example, in
addition to the inverter circuit, a variety of control units to
control the compressor may also be cooled using a control
unit cooling portion of the injection circuit.

In addition, although the third embodiment has described
an example 1n which the dew-point temperature calculation
portion 21 calculates a dew-point temperature at which dew
condensation 1s generated on the iverter circuit C, based on
the outdoor air temperature detected by the outdoor air
temperature sensor 10, the present disclosure 1s not limited
thereto. For example, the dew-point temperature calculation
portion 21 may calculate a dew-point temperature at which
dew condensation 1s generated on the inverter circuit, based
on the outdoor air temperature and humidity. Consequently,
the dew-point temperature may be accurately calculated,
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compared with a case of calculating the dew-point tempera-
ture, based on the outdoor air temperature alone.

In addition, although each embodiment has described an
example of applying the present disclosure to cooling of the
inverter circuit, the present disclosure may be applied to a
case 1 which the cooling 1s required for the control unit to
control the compressor, 1n addition to the inverter circuit.

As 1s apparent from the above description, 1n accordance
with the air conditioner according to the present disclosure,
since the control unit cooling portion 1s provided between
the 1njection decompression valve and the sub-cooler evapo-
ration portion in the injection circuit, the refrigerant in a
liguid-rich state may be supplied through the injection
decompression valve to the control unit cooling portion.
Consequently, the control unit may be cooled using the
refrigerant 1 a liquid-rich state which 1s not so much
vaporized 1n the control unit cooling portion. Accordingly,
compared with a case of cooling the control unit using the
refrigerant 1n a vaporized state, 1t may be possible to deprive
the control unit of a maximum quantity of heat per unit time,
and thus to efliciently cool the control unit.

In addition, 1n accordance with the air conditioner accord-
ing to the present disclosure, by cooling the control unit
using the refrigerant 1n a liquid-rich state, it may be possible
to deprive the control unit of much heat. Consequently, the
refrigerant may be farther vaporized than that of the related
art by heat exchange 1n the sub-cooler evaporation portion.
Accordingly, the refrigerant may be introduced into the
compressor 1n a farther vaporized state than the related art.
Thus, 1t may be possible to efliciently cool the control unit
and to 1mprove compression efliciency of the compressor.

Furthermore, 1n accordance with the air conditioner
according to the present disclosure, the cooling efliciency of
the control unit may be increased, and thus required cooling
clliciency may be obtained even when the control unit
cooling portion 1s minimized and a heat radiation area 1s
small, compared with the related art, thereby enabling the
volume of the outdoor unit to be minimized.

Although a few embodiments of the present disclosure
have been shown and described, it would be appreciated by
those skilled 1n the art that changes may be made in these
embodiments without departing from the principles and
spirit of the disclosure, the scope of which 1s defined 1n the
claims and their equivalents.

REFERENCE NUMERALS

. air conditioner

. indoor unit

. outdoor unit

. indoor heat exchanger

. COMPressor

. four-way valve

. outdoor fan

. outdoor heat exchanger

. expansion valve

. outdoor air temperature sensor

. accumulator

. control portion

. inverter refrigerant circuit

. 1njection circuit

. Injection decompression valve
16: inverter circuit cooling portion (control unit cooling

portion)
17: sub-cooler evaporation portion
18: injection pipe
19: throttle pipe
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20: inverter circuit temperature detection portion (control
unit temperature detection portion)
21: dew-point temperature calculation portion
22: opening degree adjustment portion
What 1s claimed 1s:
1. An air conditioner comprising;
a main reirigerant circuit configured such that a refriger-
ant flows in order of a compressor, an outdoor heat
exchanger, an expansion valve, and an indoor heat
exchanger;
a control unit to control the compressor; and
an 1njection circuit configured to diverge some of the
refrigerant between the outdoor heat exchanger and
indoor heat exchanger 1in the main refrigerant circuit
and return the diverged refrigerant to the compressor 1n
a state of having a pressure between a suction pressure
of compressor and a discharge pressure of compressor,
wherein the injection circuit comprises
an 1njection decompression valve reducing a pressure
of the diverged refrigerant;

a control unit cooling portion to cool the control unit
using the diverged refrigerant; and

a sub-cooler evaporation portion located at a down-
stream side of the mnjection decompression valve to
perform heat exchange between the diverged refrig-
crant and a remainder of the refrigerant between the
outdoor heat exchanger and indoor heat exchanger in
the main refrigerant circuit, and

wherein the control unit cooling portion 1s provided
between the injection decompression valve and the
sub-cooler evaporation portion 1n the mjection cir-
cuit, and

wherein the 1njection circuit 1s configured to diverge
some of the refrigerant between the expansion valve
and the sub-cooler evaporation portion.

2. The air conditioner according to claim 1, wherein the
injection circuit further comprises a throttle pipe provided
between the control unit cooling portion and the sub-cooler
evaporation portion.

3. The air conditioner according to claim 1, further
comprising:

an outdoor air temperature sensor capable of detecting an
outdoor air temperature;

a control unit temperature detection portion capable of

detecting a temperature of the control unit;

a dew-point temperature calculation portion calculating a
dew-point temperature at which dew condensation is
generated on the control unit, based on the outdoor air
temperature; and
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an opening degree adjustment portion adjusting an open-
ing degree of the injection decompression valve such
that the temperature of the control unit 1s equal to or
more than the dew-point temperature.
4. An air conditioner system comprising:
a main refrigerant circuit comprising,
a compressor to compress a refrigerant,
a control unit to control the compressor,
an outdoor heat exchanger,
an expansion valve, and
an indoor heat exchanger; and
an 1njection circuit configured to diverge some of the
refrigerant between the outdoor heat exchanger and
indoor heat exchanger in the main refrigerant circuit
and return the diverged refrigerant to the compressor,
the 1njection circuit comprising
an injection decompression valve reducing a pressure
of the diverged refrigerant,

a control unit cooling portion to cool the control unit,

a sub-cooler evaporation portion located at a down-
stream side of the mnjection decompression valve to
perform heat exchange between the diverged relfrig-
erant and a remainder of the refrigerant between the
outdoor heat exchanger and indoor heat exchanger 1n
the main refrigerant circuit,

wherein the control unit cooling portion 1s provided
between the injection decompression valve and the
sub-cooler evaporation portion 1n the injection cir-
cuit, and

wherein the infection circuit 1s configured to diverge
some of the refrigerant between the expansion valve
and the sub-cooler evaporation portion.

5. The air conditioner system according to claim 4, further
comprising a throttle pipe provided between the control unit
cooling portion and the sub-cooler evaporation portion.

6. The air conditioner system according to claim 4, further
comprising;

an outdoor air temperature sensor;

a control umit temperature detection sensor;

a dew-point temperature calculation portion to calculate a
dew-point temperature at which dew condensation 1s
generated on the control unit, based on the outdoor air
temperature; and

an opening degree adjustment portion configured to adjust
an opening degree of the injection decompression valve
such that the temperature of the control unit 1s equal to
or more than the dew-point temperature.
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